We report a case of tuberculosis due to infection with Mycobacterium bovis in an elderly male black rhinoceros (Diceros bicornis minor) from the Limpopo Province in South Africa. The animal was euthanized due to very poor condition, old age, and dental attrition. Necropsy examination revealed two small nonencapsulated granulomas (,40-mm diameter) in the dorsocaudal lobe of the left lung. Sequencing of isolated crude lung tissue PCR product and boiled lung culture samples confirmed that the causative organism was M. bovis. Genotyping revealed limited similarities with M. bovis strains isolated thus far from South African cattle or wildlife. The source of the infection could not be determined. This case illustrates that M. bovis could impact conservation of free-ranging rare and endangered species. Effective diagnostics are urgently needed for different animal species, such as white or black rhinoceroses, to certify with a reasonable degree of certainty that these animals are free of tuberculosis in natural habitats.
Mycobacterium bovis is a common pathogenic mycobacterium, and it has a very broad host species range, although it is arguably found mostly in bovidae with cattle as the maintenance hosts (Cousins et al., 2004) . In areas where M. bovis is found at high prevalence, it can cross the species and ecologic niche barrier and pose a threat to rare and endangered mammals by infecting them. It is known that African buffalo (Syncerus caffer) in some game parks have become infected with bovine tuberculosis (bTB) De Vos et al., 2001; Rodwell et al., 2001; Cousins et al., 2004; Michel et al., 2006) , and buffalo in herds have become new maintenance species for bTB . A variety of ''spill-over'' species in the Kruger National Park have been found to be infected with bTB, such as chacma baboon (Papio ursinus), lion (Panthera leo), cheetah (Acinonyx jubatus), kudu (Tragelaphus strepsiceros), and leopard (Panthera pardus), as a result of the spreading infection of bTB in the buffalo herds in the park De Vos et al., 2001; Michel et al., 2009 ).
There are no published reports on bovine tuberculosis in free-ranging black or white rhinoceroses, although several cases in captive rhinoceros have been documented (Mann et al., 1981; Stetter et al., 1995) . At the National Zoological Gardens (NZG) of South Africa, Gauteng, Pretoria, a black rhinoceros died in 1956 from suspected generalized tuberculosis, but this remains unconfirmed by culture (Hofmeyr, 1956 ). In the Hluhluwe-iMfolozi Park (HiP), histopathologic examination of a pelvic lymph node taken from a free-ranging black rhinoceros revealed lesions consistent with tuberculosis (D. Cooper, KwaZulu Natal, pers. comm., 2008 and N. Kriek, Faculty of Veterinary Science, University of Pretoria, pers. comm., 2008) , but no culture result is available. The antemortem diagnosis of tuberculosis in rhinoceros remains problematic because the intradermal tuberculin test yields inconclusive results in most cases (Bengis, State Veterinarian, Kruger National Park, pers. comm., 2008) , and a survey conducted on captive rhinoceroses in North America confirms this (Godfrey et al., 1990) . This report describes a case of M. bovis infection in a black rhinoceros and discusses potential implications of this finding for wildlife conservation.
In June 2002, the National Zoological Gardens received an elderly black rhinoceros bull (estimated age 35-40 yr at the time) from the Mkuzi Game Reserve, KwaZulu Natal. The translocation was done because he was territorially displaced by a dominant bull earlier that same year. He was captured outside the Mkuzi Game Reserve and transported to the animal-holding facilities in the Hluhluwe-iMfolozi Park. From there, he was translocated to the NZG's Mokopane Biodiversity Conservation Centre, Mokopane, Limpopo Province (24u10914.10S, 29u1910.90E), South Africa, where he was kept in a fenced camp of ,1.5 ha in size, with vegetation representing mixed-sour bushveld.
The animal experienced several constraints, such as a missing left eye, assumed to have been caused by previous trauma before the translocation. He was also hard of hearing in contrast to other black rhinoceroses. The natural vegetation in the enclosure was supplemented daily with lucerne hay and ''Boskos'' cubes (Wes Enterprises, Thabazimbi Roller Mills, Thabazimbi, Limpopo Province). The ''Boskos'' cubes are manufactured as a by-product from bush clearing, and Acacia spp. and Dycrostachus trees are the main components. Access was provided to fresh drinking water, and a mud wallow was available, which was used frequently. Other free-ranging animals such as Helmeted Guineafowl (Numida meleagris), bush buck (Tragelaphus scriptus), nyala (Tragelaphus angasii), chacma baboon (Papio ursinus), bushpig (Potamochoerus porcus), and warthog (Phacochoerus aethiopicus), opportunistically shared his camp and food on a regular basis. Adjoining the one side of the enclosure, there was a breeding herd of five African buffalo (Syncerus caffer). The rhinoceros was also accessible for close viewing by the visiting public through a cable fence.
In 2004, the rhinoceros developed a corneal ulcer on his right eye, which was successfully treated with antibiotics injected into the subconjunctiva, and the third eyelid flap was sutured over the cornea and kept in position for 10 days. In June 2005, his condition started to deteriorate when he developed chronic intermittent diarrhea, the cause of which could not be determined after numerous negative fecal cultures to identify pathogenic bacteria. In November 2007, the rhinoceros was euthanized.
A full necropsy examination was performed and indicated, aside from abundant Amblyomma ticks in the axilla and inguinal areas, severe weight loss and organ atrophy, marked adrenocortical hyperplasia, scattered minor cutaneous lacerations, moderate right otitis externa, a rubbery gray urolith in the left kidney (50330317 mm), and two firm discrete mottled tan to cream foci (40-mm diameter) in the left caudodorsal lung lobe (Fig. 1) . No affected thoracic or mesenteric lymph nodes were found.
No acid-fast organisms were seen in a Ziehl-Neelsen stained impression smear of the lung lesion. On routine histology, the lung lesions consisted of necrogranulomatous pneumonia characterized by discrete and coalescing unencapsulated foci of central variably mineralized necrotic debris surrounded by loose aggregates of epithelioid macrophages, Langerhans-type multinucleate giant cells, lymphocytes, and plasma cells (Fig. 2) . Smaller similar granulomas occurred in adjacent macroscopically unaffected lung parenchyma. Additional histologic findings were incidental and included tissue hemosiderosis (liver, spleen, small intestine), axillary skin hyperkeratosis, inguinal lymph node anthrasilicosis and medullary plasmacytosis, minor membranoproliferative glomerulonephritis and renal medullary interstitial fibrosis and amyloidosis, and mild coronary arteriosclerosis. Sera collected 62 days prior to and on the day of euthanasia tested negative for antibodies to M. bovis using the BovidTB STAT-PAK (Chembio Diagnostic Systems, Inc., Medford, New York, USA). This test outcome may either indicate that the rhino did not mount an antibody response due to early infection, or, alternatively, the test system may be unsuitable for black rhinoceros.
Fresh granulomatous tissue samples were processed according to standard methods (Michel et al., 2009) , and the acid-fast growth obtained was subjected to DNA extraction, followed by 16S rDNA polymerase chain reaction (PCR) sequencing and multiplex-PCR amplification to identify members of the Mycobacterium tuberculosis complex (Warren et al., 2006) . The sample tested positive for M. bovis. Genetic typing of the strain using spoligotyping (Kamerbeek et al., 1997) revealed a pattern consistent with M. bovis type SP8, which had been previously isolated from cattle in the Western and Eastern Cape, and also in Swaziland. The spacers that are deleted in the SP8 type are 3, 6, 8-12, 16, 39-43. For restriction fragment length polymorphism (RFLP) typing, the IS6110 and PGRS genetic markers were used for their high discriminatory power among South African M. bovis isolates (Michel et al., 2008 (Michel et al., , 2009 ). The M. bovis isolated from the black rhino revealed a unique banding pattern when hybridized with the PGRS probe, despite some similarities with bovine isolates of the spoligotype SP8 from the Eastern Cape and the dominant M. bovis strain in the Hluhluwe-iMfolozi Park (HIP), respectively (Michel et al., 2008 (Michel et al., , 2009 ) (data not shown). The IS6110 RFLP produced a banding pattern consistent with the C1 profile, which is one of the two most common and less discriminatory IS6110 profiles in cattle. Buffalo in HiP as well as the cattle isolate shown in Figure 3 were classified as C2 strains (Michel et al., 2008 (Michel et al., , 2009 ). The same set of strains was subjected to an analysis of variable numbers of tandem repeat (VNTR) sequences, which again identified a unique genetic profile for the M. bovis from the black rhinoceros (Fig. 3) .
It is currently unknown when the animal contracted the infection, and the source of the M. bovis infection remains unclear. Following the diagnosis of M. bovis, the five African buffalo in the adjoining enclosure of the black rhinoceros were tested using the comparative intradermal tuberculin and gamma interferon tests, and they showed negative results. Cattle are regarded as a potential source, since bTB had been diagnosed in cattle herds in this region of the Limpopo Province previously. Several cattle herds in the vicinity and surrounding farmland were tuberculin skin tested. The bTB infection status of a suspect dairy herd (located within about 10 km of the center) could not be confirmed, and quarantine measures were lifted. Following the diagnosis in the rhinoceros, bTB testing of cattle herds in the vicinity of the center was intensified but still failed to identify a potential source of the infection (E. FIGURE 3. Spoligotype, VNTR, and PGRS-RFLP profiles for the SP8-type M. bovis isolated from the black rhinoceros compared to isolates from buffalo and cattle.
Klemp, State Veterinarian, Mokopane, Limpopo Province, pers. comm., 2008). There was no evidence of contact between these animals and the rhinoceros. The potential role of humans in the transmission of M. bovis between cattle and the rhinoceros cannot be excluded with certainty. The rhinoceros did have close contact with caretakers, sputum cultures from whom tested negative for mycobacteria. Alternatively, wildlife ranging freely in the vicinity of the NZG center as well as in the reserve of origin, where the rhinoceros spent the majority of his life, may have carried the infection, and it is of critical importance that future epidemiologic investigations include postmortem examinations of wildlife shot or found dead in these areas.
The animal collections of the NZG are located at four centers 1) the National Zoological Gardens (25u44920.30S, 28u11927.60E), Pretoria, Gauteng, 2) the Lichtenburg Biodiversity Conservation Centre (26u7957.70S, 26u1098.40E), Lichtenburg, North West Province, 250 km to the southwest of Pretoria, 3) the Mokopane Biodiversity Conservation Centre (24u10914.10S, 29u1910.90E), Mokopane, Limpopo Province, 210 km north of Pretoria, and 4) the Emerald Animal World (26u43933.90S, 27u52936.70E), Vanderbijlpark, Gauteng, 150 km south of Pretoria. All the confirmed cases of tuberculosis infection in the collection of the NZG, apart from this one, have been at the Pretoria center, where all the cases thus far have been M. tuberculosis infections in mammals (Michel et al., 2003) and M. avium infections in birds (Espie, unpubl.) , and one recent case of dassie bacillus in a tortoise (Gey van Pittius et al., pers. com.) . As far as we can ascertain, this is the first confirmed case of M. bovis infection in a rhinoceros in South Africa and also the first case of bTB infection in the four centers of the NZG. We also think that this was an incidental finding in this particular rhinoceros because the lesions were relatively small and localized. In our opinion, his poor condition was attributed to other causes, such as old age, dental attrition, and environmental stress due to poor browsing availability, especially during the winter months.
Our finding further shows that rhinoceroses have the potential of becoming infected with bTB. This is highly significant to the management of the populations of white and black rhinoceroses in other reserves and parks in South Africa, especially the Kruger National Park (KNP) and HiP complex, where a high risk of spill-over infections has been demonstrated (Michel et al., 2006) . The pathology observed in our case study may be indicative of a largely localized and selflimiting M. bovis infection in rhinoceros and would classify these animals as true spill-over species with no or very limited potential to transmit and maintain the infection.
Currently, there are no reliable and validated laboratory tests for pachyderms. However, preliminary studies toward the development of an IFN-gamma assay for rhinoceroses (Morar et al., 2007) and new rapid antibody assays have been reported to be useful in the diagnosis of tuberculosis in various species, including elephant (Lyashchenko et al., 2006; Wernery et al., 2007) . Further research is needed to develop sensitive and specific tools for the detection of M. bovis infections in pachyderms, and also other mammalian species, to safeguard conservation and translocation of these species to uninfected areas.
This study shows that M. bovis has the potential to cross over into the Rhinocerotidae (family)/Perissodactyla (odd-toed ungulates). If such cross-over can occur in free-ranging animals, then this pathogen has the potential to affect the conservation status of these rare and endangered animals, not simply as an agent of morbidity and mortality, but also by limiting sales and translocation. This effect would be felt by conservation authorities and agencies as well as institu-tions such as private reserves and zoos. It is therefore important for diagnostic methodologies for mycobacterial infection in these animals to be developed and made available.
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